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3. My principal area of research is Structural and Chemical Biology, as well as 
epigenetic regulation of gene transcription. Among other positions I serve as reviewer in 
numerous scientific journals including Analytic Biochemistry, Biophysical Journal, Cell, 
Chemistry & Biology, EMBO Journal, European Journal of Biochemistry, FEBS Letters, GENE, 
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EXHIBIT "B" 



Structure and Ligand of a Histone Acetyltransferase 

Bromodomain 

Chiistophe Dhalluin*j Justin Carlson*, Lei Zeng, Cheng He, Aneel K. Aggarwal, Ming-Ming Zhou 



Structural Biology Program, Department of Physiology and Biophysics, Mount Sinai School of 

Medicine, New York, NY 10029-6574 



* These authors contributed equally to the work. 



Histone acetylatlon plays a pivotal role in chromatin remodeling and gene activation Notably, 
nearly all known histone acetyltransferase (HAT)-associated transcriptional coactivators 
contain bromodomains, which are ~110 amino-acid modules found in a large number of 

chromatin-associated proteins^-^. Despite the wide occurrence of bromodomalns, their three- 
dimensional structure and binding partners remain unl<nown. Here we report the nuclear 
magnetic resonance (NMR) structure of the bromodpmain from the HAT coactivator P/CAF 

(p300/CBP-assdciated factor)^0>^^ The structure reveals an unusual left-handed up-and-down 
four-helix bundle. In addition, we show by a combination of structural and site-directed 
mutagenesis studies that bromodomains can interact specifically with acetylated^lysine, making 
them the first protein modules known to exhibit such interactions. The nature of acietyi-lysihe 
recognition by the P/CAF bromodomain is similar to that of histone acetyltransferase interaction 
with acetyl-CoA. Together, these results functionally couple the bromodomain with the HAT 
activity of coactivators in the regulation of gene transcription. 

The P/CAF bromodomain represents an extensive family of bromodomains (Fig. 1). A large 
number of long-range nuclear Overhauser enhancement (NOE)-derived distance restraints were 
identified in tlie NMR data of the P/CAF bromodomain, yielding a well-defined three-dimensional 
structure (Fig. 2a & b). The stixicture consists of a four-helix bundle (helices ot^, o^a* oCbi ^i^d ttc) with a 
left-handed twist, and a long intervening loop between helices and (termed the ZA loop) (Fig. 2c). 
The four ampliipathic a-helices are packed tightly against one another in an antiparallel manner, with 
crossing angles for adjacent helices of -16-20". The up-and-down four-helix bundle can adapt two 
topological folds with opposite handedness (Fig. 2d). The right-handed four-helix bundle fold occurs 
more commonly and is seen in proteins such as hemerythrin and cytoclirome /^s^^'^' The left-handed 
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fold of the bromodomain stracture is less common, but also observed in proteins such as cytochrome 
and T4 lysozyme^^* xhis topological difference arises from the orientation of the loop between the 
first two helices (Fig. 2d). The right-handed four-helix bundle proteins have a relatively short hahpin- 
like connection between the first two helices, which rriakes the "preferred" turn to the right at the top of 
the first helix^^''"^. On the other hand, proteins with the left-handed fold usually have a long loop after 
the first helix and often contain additional secondary structural elements at the base of the helix 
bundle^2» In the bromodomain structure, tills long ZA loop has a defined conformation and is packed 
against the loop between helices and otc (termed the BC loop) to form a hydrophobic pocket. These 
tertiary interactions between the two loops appear to favor the left turn of the ZA loop, resulting in; the 
left-handed four-helix bundle fold of the bromodomain. The hydrophobic pocket formed by loops ZA 
and BC is lined by residues Val752, Ala757, Tyr760, Val763, Tyr802 and Tyr809 (Fig. 2e), and appears 
to be a site for protein-protein interactions (see below). The pocket is located at one end of the four-helix 
bundle, opposite to the N- and C-termini of the protein. Interestingly, the ZA loop varies in length 
amongst different bromodomains, but almost always contains residues corresponding to Phe748, 
Pro751, Pro758, Tyr760, and Pro767 (Fig. 1). The conservation of these residues within the ZA loop as 
well as residues within the a-helical regions implies a similar left-handed four-helix bundle stracture for 
the large family of bromodomains (Fig. 1). 

The modular bromodomain structure supports the idea that bromodomain can act as a functional 
unit for protein-protein interactions^. The observation that bromodomains are found in nearly all known 
nuclear HATs (A-type) that are known to promote transcription-related acetylation of histones on 
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specific lysine residues, but not present in cytoplasmic HATs (B-type)^. 8. 15. 16^ prompted us to explore 
whether bromodomains can interact with acetyl-lysine (AcK). We performed NMR titration of the 
P/CAF bromodomain with a peptide (SGRGKGG-acK-GLGK) derived from histone H4, in which Lys8 
is acetylated (Lys8 is the major acetylation site in H4 for GCN5, a yeast homologue of P/CAF^» ^'7). 
Remarkably, we found that the bromodomain could indeed bind the AcK peptide. Moreover, this 
interaction appeared to be specific, based on the ''^N-HSQC spectra which showed that only a limited 
number of residues underwent chemical shift changes as a function of peptide concentration (Fig. 3a). 
Conversely, NMR titration of the bromodomain with a non-acetylated, but otherwise identical H4 
peptide, showed no noticeable chemical shift changes, demonstrating that the interaction between the 
bromodomain and the lysine-acetylated H4 peptide was dependent upon acetylation of lysine. The 
dissociation constant (K^) for the AcK peptide was estimated to be 346 ± 54 )xM. This binding is likely 
reinforced through additional interactions between bromodomain-containing proteins and target 
proteins. Notably, many chromatin-associated proteins contain two or multiple bromodomains (Fig. 1)^. 
Indeed, we also observed binding with another lysine-acetylated peptide (RKSTGG-acK-APRKQ) 
derived from the major acetylation site on histone H3 (residues 9-20)1^^ (data not shown). Together, 
these data show that the P/CAF bromodomain has the ability to bind AcK peptides in an acetylation 
dependent manner. 

Intriguingly, the bromodomain residues that exhibited the most significant *H and '^N chemical 
shift changes on peptide binding are located near the hydrophobic pocket between the ZA and BC loops 
(Fig. 3b). Because a similar pattern of amide chemical shift changes was observed with the two different 
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AcK-containing peptides, we surmised that the hydrophobic cavity is. the primaiy binding site for AcK. 
This hypothesis was further supported by titration with acetyl-histamine, which mimics the chemical 
structure of the AcK side-chain (Fig. 3c), Both *^N- and '-^C-HSQC spectra showed that interaction with 
acetyl-histamine was also acetylation-dependent, involving the same set of residues that showed 
chemical shift perturbations with similar concentration dependence (data not shown). It should be noted 
that the bromodomain did not bind to the amino acids acetyl-lysine or acetyl-histidine alone, possibly 
because of the presence of the charged amino, carboxyl, or caboxylate group adjacent to the acetyl 
moiety (Fig. 3c). Taken together, these results strongly suggest that the P/CAF bromodomain can 
interact with acetyl-lysine-containing proteins in a specific manner, and that this interaction is localized 
to the bromodomain hydrophobic cavity. 

To identify the key residues involved in bromodomain-AcK recognition, we elucidated the NMR 
structure of the P/CAF bromodomain in complex with acetyl-histamine. As anticipated, the acetylated 
moiety binds in the bromodomain hydrophobic pocket (Fig. 4). The intermolecular interactions are 
largely hydrophobic in nature, with the methyl group of acetyl-histamine making extensive contacts with 
the side-chains of Val752, Ala757, and Tyr760, and the methylene groups of acetyl-histamine displaying 
specific NOEs to Val752, Ala757, Tyr760, Tyr802, and Tyr809. No intermolecular NOEs were 
observed for the imidazole ring of acetyl-histamine. From the spectral analysis it is clear that the 
sti-ucture of the bromodomain is very similar in both the free and complex forms. 

It is worth noting that the bromodomain-AcK recognition is reminiscent of the interactions 
between the histone acetyltransferase Hatl and acetyl-CoA^^. Although the binding pockets of these two 

5 



otherwise structurally unrelated proteins are composed of different secondary structural elements, the 
nature of acetyl-lysine recognition has striking similarities. In pailicular, Tyr809, Tyr802, Tyr760, and 
Val752 in the bromodomain appear to be related to Phe220. Phe261, Val254, and Ile217 of Hatl, 
respectively, in their interactions with the acetyl moiety. This observation may suggest an evolutionary 
convergent mechanism of acetyl-lysine recognition between bromodomains and histone 
acetyltransferases. 

To determine the relative contributions of residues within the hydrophobic cavity in 
brompdomain-AcK binding, we used site-directed mutagenesis to alter residues Tyr809, Tyr802, 
Tyr760, and Val752 (Table 1). Substitution of Ala for Tyr809 completely abrogated the bronnodomain 
binding to the lysine-acetylated H4 peptide, while the Tyr802Ala, Tyr760Ala, and Val752Ala mutants 
had significantly reduced ligand binding affinity. To assess whether these mutations disrupted the 
overall bromodomain fold, we compared the '^N-HSQC spectra of the mutants to that of the wild-type 
protein. For the Tyr809Ala mutant, the amide chemical shifts were only affected for a few residues near 
the mutation site. However, mutations of the other residues in the hydrophobic binding pocket perturbed 
the local protein conformation to greater extents, particularly the ZA loop (Table 1). Thus, the NMR 
structural analysis and the mutagenesis studies show that Tyr809, which is structurally supported by 
Trp746 and Asn803 (Fig. 4), is essential for the bromodomain interaction with the acetyl group of 
acetyl-lysine, while residues of Tyr802, Tyr760, and Val752 likely play both structural and functional 
roles in the recognition. These residues are highly conserved throughout the bromodomain family (Fig. 
1), suggesting that recognition of acetyl-lysine may be a feature of bromodomains, in general. 
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In conclusion, our structural and mutagenesis results strongly implicate the bronlodomains as 
acetyl-lysine binding domains, making them the first protein modules to exhibit such interactions. Like 
other modular domains, such as Src homology-2 (SH2) and phosphotyrosine binding (PTB) domains^^, 
which specifically interact with phosphotyrosine-contairiing proteins, the bromodomain/acetyl-lysine 
recognition could provide a means to regulate protein-protein interactions via protein lysine acetylation. 
In particular, our finding may explain the results of previous deletion experimentvS which showed that the 
bromodomain is indispensable for the function of GGN5 ip yeiast^P, and supports the hypothesis that 
bromodomains could contribute to Iiighly specific histohe acetylation by tethering transcriptional HATs 
to specific chromosomal sites ^ Moreover, bromodomain- AcK biridihg could also be important for the 
assembly and activity of multiprotein complexes in transcriptional activation. The results reported here 
form the foundation for identifying specific biological ligiands and for defining the molecular 
mechanisms by which the extensive family of bromodomains participate in chromatin remodeling and 
transcriptional activation. 
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Methods 

Sample preparation. The bromodomain of P/CAF (residues 719-832) was subcloned into the pET14b 

expression vector (Novagen) and expressed in Escherichia coli BL21(DE3) cells. Uniformly '^N- and 

*^N/^^C-labelled proteins were prepared by growing bacteria in a minimal medium containing '^NH4C1 

with or without ''^Cg-glucose. A uniformly *^N/*^C-labelled and fractionally deuterated protein sample 

was prepared by growing the cells in 75% ^HjO. The. bromodomain was purified by affinity 

chromatography on a nickel-ID A column (Invitrogen) followed by the removal of poly -His tag by 

thrombin cleavage. The final purification of the protein was achieved by size-exclusion chromatography. 

The acetyl-lysine-containing peptides were prepared on ia MilliGen 9050 peptide synthesizer (Perkin 

Elmer) using Fmoc/HBTU chemistry. Acetyl-lysine was incorporated using the reagent Fmoc-Ac-Lys 

with HBTU/DIPEA activation. NMR samples contained -ImM protein in lOOmM phosphate buffer of 

pH 6.5 and 5mM perdeuterated DTT and 0.5mM EDTA in Hp/^HjO (9/1) or ^H^O. 

NMR spectroscopy. All NMR spectra were acquired at 30°C on a Bruker DRX600 or DRX500 

spectrometer. The backbone assignments of the 'H, ''^C, and '^N resonances were achieved using 

deuterium-decoupled triple-resonance experiments of HNCACB and HN(CO)CACB^^ recorded using 

the uniformly *^N/'^C-labelled and fractionally deuterated protein. The side-chain atoms were assigned 

from 3D HCCH-TOCSY^^ and (H)C(CO)NH-TOCSY23 data collected on the uniformly *'N/^'C- 

labelled protein. Stereospecific assignments of methyl groups of the Val and Leu residues were obtained 

using a fractionally *^C-labelled sample^"^. The NOE-derived distance restraints were obtained from *^N- 

or *^C-edited 3D NOESY spectra^^. 0-angle restraints were determined based on the Vhn.hu coupling 
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constants measured in a 3D HNHA spectmm^^. Slowly exchanging amide protons were identified from 
a series of 2D *^N-HSQC spectra recorded after the H^O buffer was changed to a ^HjO buffer. The 
intermolecular NOEs used in defining the structure of the bromodomain/Ac-histamine complex were 
detected in *^C-edited (F;), '^C/*^N-filtered (F^) 3D NOESY spectrum^^. All NMR spectra were 
processed with the NMRPipe/^^MRDraw programs and analyzed using NMRView^^ 
Structure calculations. Structures of the bromodomain were calculated with a distance 
geometry /simulated annealing protocol using the X-PLOR program^^. A total of 1324 manually 
assigned NOE-derived distance restraints were obtained from the *^N- and *^C-edited NOE spectra. 
Further analysis of the NOE spectra was carried out by the iterative automated assignment procedure 
using ARIA^^, which integrates with X-PLOR for structure calculations. A total of 1519 unambiguous 
and 590 ambiguous distance restraints were identified from the NOE data by ARIA, many of which 
were checked and confirmed manually. The ARIA-assigned distance restraints were in agreement with 
the structures calculated using only the manually assigned NOE distance restraints, 28 hydrogen-bond 
distance restraints for 14 hydrogen bonds, and 54 0-angle restraints. The final structure calculations 
employed a total of 3515 NMR experimental restraints obtained from the manual and the ARIA-assisted 
assignments, 2843 of which were unambiguously assigned NOE-derived distance restraints that 
comprise of 1077 intra-residue, 621 sequential, 550 medium-range, and 595 long-range NOEs. For the 
ensemble of the final 30 structures, no distance and torsional angle restraints were violated by more than 
0.3 A and 5\ respectively. The total, distance violation, and dihedral violation energies were 178.7 ± 2.4 
kcal mol"', 41.6 ± 0.9 kcal mol"', and 0.50 ± 0.06 kcal mol*', respectively. The Lennard-Jones potential 
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which was not used during any refinement stage, was -526.2 ± 16.8 kcal mol * for the final structures. 
Ramachandran plot analysis of the final structures (residues 727-828) with Procheck-NMR^S showed 
that 71.0 ± 0.6%, 23.8 ± 0.6%, 3.5 ± 0.2%, and 1.7 ± 0.2% of the nbn-Gly and non-Pro residues were in 
the most favorable, additionally allowed, generously allowed, and disallowed regions, respectively. The 
corresponding values for the residues in the four a-helices (residues 727-743, 770-776, 785-802, and 
807-827) were 88.9 ± 0.4%, 11. 0 ± 0.4%, 0.1 ± 0.1%, and 0.0 ± 0.0%, respectively. The stiaicture of the 
bromodomain/Ac-histamine complex was determined using the free form structure and additional 25 
internioleculai- and 5 iritra-ligand NOE-derived distance i^straihts. 

Site-directed mutagenesis. Mutant proteins were prepared using the QuicfcChange site-directed 
mutagenesis kit (Stratagene). The presence of appropriate mutations was confirmed by DNA 
sequencing. 

Ligand titration. Ligand titration experiments were performed by recording a series of 2D '^N- and 
'^C-HSQC spectra on the uniformly *^N-, and '"''N/'^C-labelled bromodomain (-0.3mM), respectively, in 
the presence of different amounts of ligand concentration ranging from 0 to --2.0mM. The protein 
sample and the stock solutions of the ligands were all prepared in the same aqueous buffer containing 
lOOmM phosphate and 5mM perdeuterated DTT at pH 6.5. 
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Table 1. Structural and Functional Analysis of the P/CAF Broinodomain Mutants 



Bromodomain 
Proteins 


Structural Integrity 


H4 AcK-Peptide Binding 


Wild-Type 


++++ 


346 ± 54 


Tyr809Aia 


++++ 


No Binding' 


Tyr802Ala 


+++ 


> 10,000 


Tyr760Ala 


+++ 


> 10,000 


Yal752Ala 


++ 


> 10,000 



a. The effects of mutations oh the stmctural integrity of the bromodomain were assessed by using the 
*^N-HSQG spectra. The amide *H/*^N resonances of the mutant proteins were cornpai^ecl to those of the 
wild-type bromodomain to determine if the particular mutations lead to global or local structure 
disruption. Severe line-broadening of the amide resonances would indicate protein conformational 
exchange due to a decrease of stnicture stability resulting from point mutations. Structural integrity of 
the mutant proteins is expressed here relative to that of the wild-type, using the signs of for as 
stable as the wild-type, for mildly destabilized, for moderately destabilized, and for 
completely unfolded. 

b. The ligand binding affinity {K^ of the bromodomain proteins was estimated by following chemical 
shift changes of amide peaks in the '^N-HSQC spectra as a function of the ligand concentration. 

c. No detectable ligand binding observed in the NMR titration. 

d. Ligand binding affinity was significantly reduced and beyond the limit for reliable measurements by 
NMR titration. 
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Figure Legends 

Figure 1. Sti-ucture-based sequence alignment of a selected number of bromodomains. The sequences 
were aligned based on the NMR-derived structure of the P/CAF bromodomain, and the predicated four 
a-helices are shown in green boxes. Bromodomains are grouped on the basis of the sequence and/or 
functional similarities as described in Ref. 7. Residue numbers of the. P/CAF bromodomain are indicated 
above its sequence. Three absolutely conserved residues, corresponding to Pro751, Pro767, and Asn803 
in the P/CAF bromodomain, are shown in red. Highly conserved residues are coloured in blue. The 
residues of the P/CAF bromodomain that interact with acetyl-histamine, as determined by 
intermolecular NOEs, are indicated by asterisks. The underlined residues were changed individually by 
site-directed mutagenesis to Ala. Genbank accession numbers are: hsP/CAF 1551311, hsGCNS U57136, 
ttP55 U47321, scCGNS Q03330, hsPSOO A54277, hsCBP S39162, hsCCGl P21675, scBDFl P35817, 
ggPBl X90849, hsSNFla S45251, hsBRGl S39039, mmTJFla S78219, mmTIFlh X99644. 

Figure 2. Structure of the P/CAF bromodomain. a, Stereoview of the C^ trace of 30 superimposed 
NMR-derived structures of the bromodomain (residues 722-830). The N-terminal four residues (SKEP) 
which are structurally disordered are omitted for clarity. For the final 30 structures, the root-mean- 
square deviations (RMSDs) of the backbone and all heavy atoms are 0.63 ± 0,11 A and 1.15 ± 0. 12A for 
residues 723-830, respectively. The RMSDs of the backbone and all heavy atoms for the four a-helices 
(residues 727-743, 770-776, 785-802, and 807-827), are 0.34 ± 0.04A and 0.87 ± 0.06A, respectively, b, 
Stereoview of the bromodomain structures from the bottom of the protein, which is rotated --90" from 
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the orientation in a. c, Ribbons^^ depiction of the averaged minimized NMR structure of the P/CAF 
bromodomain. The orientation of c is as shown in a. d, Schematic representation of the overall topology 
of the up-and-down four-helix bundle folds with the opposite handedness. The left-handed fold is seen 
in bromodomain, cytochrome b^, and T4 lysozyme (left), whereas the right-handed four-helix bundles 
are observed in proteins such as hemerythi'in and cytoclii*ome h^^2 (right) ^ 2' e, A molecular surface 
representation of the electrostatic potential (blue = positive; red = negative) of the bromodomain 
calculated in GRASP^O. The hydrophobic and aromatic residues (Tyr809, Tyr802, Tyr760, Ala757, and 
Val752) located between the ZA and BG loops are indicated. 

Figure 3. Binding of the P/CAF bromodomain to AcK. a, Superimposed region of the 2D *^N-HSQC 
spectra of the bromodomain (--O.SmM) in its free form (red) and complexed to the AcK-containing H4 
peptide (molar ratio 1:6) (black), b, Ribbon and dotted-surface diagram of the bromodomain depicting 
the location of the lysine-acetylated H4 peptide binding site. The colour coding reflects the chemical 
shift changes (A6) of the backbone amide *H and resonances upon binding to the AcK peptide as 
observed in the *^N-HSQC spectra. The normalized weighted average of the chemical shift changes was 
calculated by AJA^,^^ = [(Ab^i^ + A8^,^/25)/2]*'VA„,3^, where A^,^^ is the maximum weighted chemical 
shift difference observed for Tyr809 (0.16ppm). The backbone atoms are colour-coded in red, yellow, or 
green for residues that have AJA„,^of >0.6 (Tyr809, Glu808, Asn803, and Ala757), 0.2-0.6 (Ala813, 
Tyr802, Tyr760, and Val752), or <0.2 (Cys812, Ser807, Cys799, Phe796, and Phe748), respectively. 
The non-perturbed residues are shown in blue, c, Chemical structures of acetyl-lysine, acetyl-histamine, 
and acetyl-histidine. 
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Figure 4. The acetyl-lysine binding pocket. Ribbons^^ depiction of a portion of the P/GAF 
bromodomain complexed with the acetyl-histamine. The ligand is colour-coded by atom type. 
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/bloch2/cliric/BR0M0j:PLOILARIA32/3tructure5/it8/ 







Energies 








• 

Violdtionc * 






Aug 


Impr 


VdW 




DIH * 


MOT HTH ♦ 


1 149.29 


8.99 


74.37 


0.00 


21.43 


30.32 


0,25 


1 0 


2 156.15 


3.82 


75.95 


0.00 


21.65 


34.02 


0,23 


1 0 


3 156.61 


9.53 


72.65 


0.00 


22.48 


35.64 


0.20 


1 0 


4 157.92 


9.31 


73.15 


0.00 


23.16 


36.43 


0.23 


2 0 


5 16M4 


9.61 


71.78 


0.00 


25.02 


38.60 


0.41 


1 0 


6 165.75 


10.96 


79.55 


0.00 


22,04 


37.10 


0^33 


1 0 


7 U9.06 


10.23 


77.32 


0.00 


25.00 


38.57 


0.36 


2 0 


8 i7o.ee 


10.28' 


77.62 


0.00 


23.95 


43,29 


0.24 


2 0 


9 172.70 


10.08 


77.44 


0,00 


26.26 


42.00 


0,38 


2 0 


10 175.65 


11.37 


80.83 


0.00 


26,92 


38.55 


0.57 


2 0 


11 175.66 


10.49 


77.43 


0.00 


32,21 


39.10 


1.33 


1 0 


12 176.67 


12.32 


79.77 


0.00 


23.03 


45.73 


0.13 


2 0 


13 177.33 


10.12 


84.45 


0,00 


26.78 


34.95 


0.41 


2 0 
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11.39 


74.75 


0.00 


26.24 
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0.69 


1 0 
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0,00 
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0.41 


2 0 
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2 0 


17 180.71 


11.15 


84.32 


0.00 
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1 0 
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84.00 


0.00 


26.15 


42.73 
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2 0 
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0.00 
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43.93 
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2 0 
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27,75 
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2 0 
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3 0 
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11.97 
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2 0 
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0,00 
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4 0 
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11.82 


31.73 


0.00 
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3 0 
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RMSD for 30 conformationc brd along the entire molecule (9-116) 

overage rms Hit. to the mean struct, for the Iwckbonc* 0,626129 +/- 0.113342 

average nw diff. to the mean struct, for non-h atocs 1.14798 */* 0.12386 

[yiSD for 30 conformations brd along the secondary structure elements (13-29;56-62:71-88;93-113) 
average rms diff. to the mean struct, for the backbones 0.33926 +/- 3.744659B-02 
average rms diff. to the mean struct, for non-h atomso 0,87368 */• 5.579731E-0_2 

Final Energies (kcal/mol) 
E Total 8 178.676 t/- 2.35547 
E bonds « 11.0233 *h 0.19469 
E angles o 81.023 */- 0.958855 
E VdW c 26.5433 0.564117 
E NOE = 41.602 0.S98896 
£ dihedral » 0.503333 +/• 0.0627522 
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/bloch2/chris/BROMO_XPLOSjiRIA32/struccures/it8/aiiibig.tbl 
/bloch2/chris/BROMO_XPMRJU!IA32/stnic:«res/it8/unai«big.tbl 



Toul Restraints 


3515 




Total NOE Restraints 


3461 




Total Ambigous NOE Restraints 


590 




Total Unanibigous NOE Restraints 


2343 




mtraresidue 


1077 


(37.88%) 


Interresidue 


1766 


(62.12%) 


Sequential (|i-j|=U 


621 


(21.84%) 


Medium 


550 


(19.35%) 




128 


(4.50%) 


i,i+3 


304 


(10.69%) 




118 


(4.15%) 


Long (|i-j|>4} 


595 


(20.93%) 


Hydrogen Bond Restraints 


28 




Dihedrals PHI 


54 





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

Manually assigned NOE table used to get starting structures with regular XPLOR 

NOE distance restraints 



All 


1324 




Intraresidue 


495 


(37.39%) 


Interresidue 


829 


(62.61%) 


Sequential (|i-]|-l) 


425 


(32.10%) 


Medium 


266 


(20,09%) 


iA+2 


58 


(4.38%) 


i,i*3 


167 


(12.61%) 


i,i+4 


41 


(3.10%) 


Long (|i-j|>4) 


138 


(10.42%) 


Hydrogen Bond Restraints 


28 




Dihedrals PHI 


54 





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

PROCHECK analysis For 30 structures 
For 30 structures 

brdjigj 64.5 core 27.1 allow 5.6 gener 2,8 disall 
brdjigj 69.2 core 21.5 allow 4.7 gener 4.7 disall 
brdjigj 64.5 core 27.1 allow 4.7 gener 3.7 disall 
brd^figj 66.4 core 28.0 allow 2.8 gener 2.8 disall 
brdjigj 64.5 core 29.9 allow 3.7 gener 1.9 disall 
bri.figj 69.2 core 27.1 allow 1.9 gener 1.9 disall 
brdjigj 64.5 core 30.8 allow 1.9 gener 2.8 disall 
brdjigj 64.5 core 29.9 allow 5.6 gener 0.0 disall 
brdjigj 66,4 core 28.0 allow 3.7 gener 1.9 disall 
brdJigJO 65.4 core 29.9 allow 2.8 gener 1.9 disall 
brdjigjl 69.2 core 25.2 allow 3.7 gener 1.9 disall 
brdJigJ2 69.2 core 24.3 allow 2.8 gener 3.7 disall 
brdJigJ3 66,4 core 26.2 allow 3.7 gener 3.7 disall 
brd.figJ4 63.6 core 29.0 allow 4.7 gener 2.8 disall 
brdJigJS 60.7 core 32.7 allow 3.7 gener 2.3 disall 
l>rdJigJ6 66.4 core 27.1 allow 3,7 gener 2.3 disall 
brdjigj? 69.2 core 25.2 allow 2,8 gener 2.8 disall 
brd^figJ8 61.7 core 29.9 allow 5.6 gener 2.8 disall 
br4,figJ9 64.5 core 27.1 allow 3.7 gener 4,7 disall 
brd^figJO 66.4 core 29.0 allow 3,7 gener 0.9 disall 
brd.figjl 65.4 core 27.1 allow 2.8 gener 4.7 disall 
brdJigJ2 60.7 core 33.6 allow 1.9 gener 3.7 disall 
brdJigJ3 77,6 core 17.8 allow 3.7 gener 0.9 disall 
brd^figJ4 68.2 core 24.3 allow 4.7 gener 2.8 disall 
brd^figJS 65.4 core 28.0 allow 4.7 gener 1.9 disall 
brd^figJ6 67.3 core 27.1 allow 1.9 gener 3.7 disall 
br(LfigJ7 63.6 core 29.9 allow 2.8 gener 3,7 disall 
brdJigJS 63.6 core 29.9 allow 4.7 gener 1.9 disall 
brd^figJ9 67.3 core 27.1 allow 3,7 gener 1,9 disall 
brd^figJO 68.2 core 23.4 allow 6.5 gener 1.9 disall 

Favoured Regions = 66.1233 +/- 0.582804 

Additional Allowed Regions = 27.44 +/- 0.573267 
Generously Allowed Regions = 3.76333 +/- 0.216973 



Disallowed Regions 



= 2.68 +/- 0.204418 



PROCHECK analysis For 15 structures 
For 15 structures 

brdjigj 64.5 core 29.9 allow 3.7 gener 1.9 disall 
brd^figj 69.2 core 27.1 allow 1.9 gener 1.9 disall 
brd^figj 64.5 core 30,8 allow 1,9 gener 2.8 disall 
brcLfigJ 64.5 core 29.9 allow 5.6 gener 0.0 disall 
brd^figj 66,4 core 28.0 allow 3.7 gener 1.9 disall 
brd^figJO 65.4 core 29.9 allow 2.8 gener 1.9 disall 
brd_figjl 69.2 core 25.2 allow 3.7 gener 1.9 disall 
brd^figJ7 69.2 core 25.2 allow 2.8 gener 2.8 disall 
brd^figJO 66.4 core 29.0 allow 3.7 gener 0.9 disall 
brcLfigJ3 77.6 core 17.8 allow 3.7 gener 0.9 disall 
brd^figJ4 68.2 core 24,3 allow 4.7 gener 2.8 disall 
brdJigJS 65.4 core 28.0 allow 4,7 gener 1.9 disall 
brd^figje 63.6 core 29,9 allow 4.7 gener 1.9 disall 
brd^figJ9 67,3 core 27.1 allow 3,7 gener 1.9 disall 
brdJigJO 68,2 core 23.4 allow 6.5 gener 1.9 disall 

For 15 structures 

Favoured Regions = 67.3067 +/- 0.855282 

Additional Allowed Regions = 27.0333 +/■ 0.857524 
Generously Allowed Regions - 3.85333 +/- 0.314093 
Disallowed Regions = 1.82 +/- 0.187901 



